Abstract: Clinical evidence suggests that initial attempts to regulate weight gain quickly become habit-like in individuals with eating disorders. These behaviors are controlled excessively in patients with Anorexia Nervosa (AN) and are controlled more intermittently, with periods of lost control, in patients with Bulimia Nervosa (BN). We suspect that abnormalities in frontostriatal systems that subserve self-regulatory control and habit learning may contribute to the development and perpetuation of AN and BN. We summarize previous findings and present a pathophysiological model that provides a framework for understanding the shared and non-shared clinical phenotypes of AN and BN. Whereas dysregulated control systems produce heightened self-regulatory control, permitting individuals with AN to sustain excessive dietary restriction, dysregulated control systems likely result in impaired self-regulatory control in patients with BN, releasing feelings of hunger and urges to binge, thereby resulting in overeating. Interactions with cultural ideals of thinness and impaired habit learning systems may then allow the dieting behaviors of individuals with restricting-type AN to spiral into the habitual and restrictive eating behaviors that typify the disorder. Although these cultural factors likely contribute to the compensatory purging behaviors in BN, interactions with normal habit learning systems may explain the higher recovery rate of BN relative to AN, in which habit learning may be impaired. We describe neuroimaging methods that we are using to test these hypotheses and emphasize the potential utility of studying AN and BN early in the course of illness, to disentangle their causes from epiphenomena or compensatory responses. We believe that this innovative approach to studying eating disorders will lend explanation to the perplexing fact that although many young people diet and overeat at some point in time, only some go on to develop eating disorders.
The defining behavioral characteristics of Anorexia Nervosa (AN) and Bulimia Nervosa (BN) are persistent disturbances of food intake that can be viewed as maladaptive habits. In AN, food consumption is excessively restricted, while BN is defined by the frequent occurrence of excessive eating accompanied by a sense of loss of control. This review focuses on self-regulatory control processes and habit learning in AN and BN. The conceptual construct of self-regulatory (or impulse) control encompasses many aspects of cognitive and psychosocial functioning. Individuals must engage selfregulatory control to inhibit urges to act on impulses and desires [1] [2] [3] . Learning to control these behaviors that may violate personal or societal norms is one of the defining characteristics of normal human development. Habit learning, broadly defined, is the acquisition of behaviors without awareness that the learning is taking place. Over time, these behaviors tend to become automatized. We hypothesize that disturbances in self-regulatory and habit learning systems likely contribute to the persistent, maladaptive habitual behaviors surrounding eating that characterize AN and BN. We review evidence suggesting functional impairments in frontostriatal circuits, the primary mediators of self-regulatory control which are connected to habit-learning systems within the basal ganglia. These disturbances are likely associated with the presence and perpetuation of both AN and BN. We present a model in which disturbances in frontostriatal systems interact with an underlying vulnerability to develop repetitive, stereotyped behaviors and thereby disrupt self-regulatory control, contributing to development of these disorders. We then describe ongoing studies in our laboratory that are designed to test this model in adolescence in several disorders. The study of AN and BN during adolescence, early in the course of the illnesses, may help identify factors that predispose to the development and persistence of eating disorders. Findings from these studies will aid our understanding of the development and treatment of AN and BN and help define the role of self-regulatory control and habit-learning systems in these conditions. Moreover, the novel use of functional imaging in conjunction with neuropsychological behavioral measures represents the next generation of studies of eating disorders, allowing insight into the neural mechanisms that may contribute to the pathogenesis and pathophysiology of the disorders.
OVERVIEW OF EATING DISORDERS
Eating disorders comprise a range of abnormal behaviors involving food consumption, including excessive dietary restriction as well as binge eating and the use of inappropriate compensatory behaviors to avoid weight gain. Both AN and BN typically begin during adolescence, and primarily affect young women with a combined lifetime prevalence of 1-4% [4] . AN is a potentially life-threatening illness with high medical morbidity, and a mortality rate as high as that of any psychiatric disorder [5] . AN is characterized by maintenance of an abnormally low body weight, a relentless preoccupation with concerns about body shape and weight, and repetitive, ritualized behaviors to control eating and weight. Individuals with AN exhibit persistent, perfectionist, and obsessive temperament traits [6, 7] that persist after recovery from the eating disorder, and, while ill, individuals with AN manifest remarkably rigid control over eating; these characteristics are suggestive of excessive self-regulatory control.
BN is a more prevalent disorder characterized by recurrent episodes of binge eating (i.e., the consumption of an excessive amount of food associated with a sense of loss of control) [8] [9] [10] , followed by either self-induced vomiting or some other inappropriate means of compensation to avoid weight gain. BN is associated with substantial psychosocial morbidity, as well as with risks of significant medical complications. Individuals with BN engage in other impulsive behaviors to a significantly greater degree than do individuals with AN. Such behaviors include drug and alcohol abuse and self-injurious acts [11] [12] [13] . Studies of temperament have documented elevated measures of impulsivity in this population [6] , and empirical findings indicate that impulsivity is correlated with the severity of bulimic symptoms [14] [15] [16] . The recurrent episodes of binge eating and the frequency of other impulsive behaviors suggest a deficiency in selfregulatory control.
AN and BN share similar phenotypes and natural histories [4] . Both primarily affect women and both typically begin in adolescence. Approximately one-third of adults with BN describe past histories of AN [17] , and a significant fraction of individuals with AN regularly binge-eat and/or engage in purging behavior [8] . At the onset of illness, most patients with AN do not exhibit either binge eating or purging, and accomplish weight loss by severely restricting caloric intake and, often, by increasing physical activity. In the terminology of DSM-IV, these features constitute the "restricting subtype" of AN. Over time, a significant fraction of individuals with restricting AN begin to binge eat or purge regularly, despite maintaining an abnormally low body weight; such individuals have converted to the DSM-IV "binge-eating/purge subtype" of AN. However, many patients with AN restricting subtype never develop regular binge eating or purging. It has been well-documented that, compared to individuals with the restricting subtype of AN, those with the binge/purge subtype have a higher frequency of impulsive behaviors, such as drug and alcohol abuse and suicide attempts [18, 19] . Therefore, the eating disorders appear to lie on a spectrum of self-regulatory control: excessive control in individuals with AN restricting subtype, less control in those with AN binge/purge subtype, and a lack of control in individuals with BN.
In addition to the apparent difference between AN and BN in self-regulatory control, AN is also characterized by the development of repetitive, habit-like behaviors. Patients with AN manifest stereotyped rituals around eating, especially at low weight and engage in many types of ritualized behaviors at all stages of illness, focusing on aspects of shape and weight. Patients with BN experience recurrent binge-eating episodes, often triggered by external stimuli, such as the sight or smell of food [20] , or by internal cues, such as negative emotions [21, 22] , but they do not exhibit the range of obsessional symptoms and behaviors characteristic of AN. Thus, the presence of stereotyped, repetitive behaviors among patients with AN prompts us to suggest that habit-learning functions may be altered in these individuals. Habit learning, which involves gradual and incremental learning, may contribute to the perpetuation of eating disordered behaviors in AN.
In summary, the clinical characteristics and course of AN and BN strongly suggest that disturbances in self-regulatory control and habit-learning play important roles in the development and persistence of these serious disorders of young people. In the following sections, we review the neural circuitry thought to mediate self-regulatory control, as well as prior imaging studies of self-regulatory control processes in adults and children. We then review the neural circuitry that supports habit learning. Finally, we describe how disturbances in frontostriatal control systems may contribute to abnormalities in self-regulatory control processes and habit learning, thereby leading to the development and persistence of abnormal eating behaviors in AN and BN.
SELF-REGULATORY CONTROL SYSTEMS
Experimental paradigms that are used to study selfregulatory processes while imaging CNS function typically require subjects to inhibit a more automatic behavior in favor of a less automatic one. They are therefore regarded as experimental models for studying the resolution of behavioral conflict. The Stroop task is the most commonly studied of these paradigms [23] . It requires subjects to inhibit word reading in favor of a less automatic behavior, naming the color of letters. When the color that a written word denotes matches the color of the ink in which the letters are printed (e.g., "R-E-D" written in red ink), subjects perform the task easily, as indexed by their rapid responses and infrequent errors. However, when the color that a word denotes does not match the color of the printed letters (e.g., "R-E-D" written in blue ink), the task is more difficult, as indicated by their slower responses and more frequent errors. Inhibiting the prepotent reading response in this condition requires the mobilization of attentional resources, the resolution of cognitive conflict, modulation of the automatic response tendency and, ultimately, the engagement of self-regulatory control. Imaging studies of brain activity during color naming of the mismatching compared with the matching stimuli have demonstrated activation in large expanses of anterior cingulate and prefrontal cortices, and in the striatum, in both adults [24] [25] [26] [27] [28] [29] and children [30, 31] .
Findings from our recent developmental study of the Stroop task [32] suggest that the maturation of frontostriatal systems underlies the normal development of self-regulatory processes, consistent with findings from previous developmental imaging studies of response inhibition [31, [33] [34] [35] [36] [37] [38] . Our imaging results revealed both positive and inverse agerelated changes in brain areas that mediate the cognitive resources necessary for optimal performance on the Stroop task (Figs. 1,2) . The recruitment of frontostriatal systems in the right hemisphere increased with age. In addition, the same regions correlated with behavioral performance, indicating that increasing engagement of frontostriatal systems with age supports an enhanced ability to engage selfregulatory control in the service of improved task perform-ance. We are currently applying these neuroimaging paradigms to examine the functioning of self-regulatory systems in adolescents with eating disorders. We hope that this line of research will allow us to determine whether frontostriatal abnormalities underlie the regulatory impairments of these disorders.
Evidence suggests that Cortico-Striato-Thalamo-Cortical (CSTC) circuits subserve self-regulatory control functions. CSTC circuits are composed of multiple, partially overlapping but largely "parallel" pathways that direct information from the cerebral cortex to the subcortex, and then back again to specific regions of the cortex [39] [40] [41] . The frontostriatal portions of these circuits, including the projections from ventral prefrontal cortex (VPFC) and anterior cingulate (AC) cortex to the basal ganglia [42] , have been most clearly identified as subserving self-regulatory functions [1, [43] [44] [45] [46] [47] [48] . At the same time, projections in these circuits from VPFC to the amygdala [49] and hippocampus [50] in the medial temporal lobe have been increasingly implicated in the regulation of emotion [51] [52] [53] [54] [55] [56] . The prefrontal portions of these circuits are generally viewed as the central "executor" of the regulatory functions that these circuits subserve.
HABIT LEARNING AND MULTIPLE MEMORY SYSTEMS
The striatum and medial temporal lobe structures mediate different forms of learning and memory that are needed for self-regulation. Medial temporal lobe structures (the hippocampus and amygdala) mediate memories for conscious facts, previous experiences, and semantics (collectively termed a "declarative" or "episodic" memory system) [57] . In contrast, structures in the striatum (the caudate nucleus and putamen) mediate memories for motor skills, procedures, and habits (termed "procedural", "stimulus-response (S-R)" or "habit" learning) [58, 59] . Both animal [58, [60] [61] [62] and human studies [63] [64] [65] have demonstrated the mediation Fig. (1) . A) Voxel-wise correlations of age with Stroop activations. These are transaxial slices positioned superiorly to inferiorly (left to right). Our estimation of the effective p-value for the conjoint requirement of a statistical threshold and cluster filter was < 0.000005 [148] . B) Group composite t-maps for the percent fMRI signal change associated with the naming of colors in incongruent compared to congruent stimuli for children and adults. Increases in signal during the incongruent relative to congruent are coded in yellow, and decreases are coded in purple or blue. Right frontostriatal (ILPFC and Lent) increases in activity associated with incongruent stimuli came on line progressively with age. The deactivations in MPFC, ACC and PCC indicate that greater activity in these regions was associated with the congruent stimuli in adults. PCC, posterior cingulate cortex; ACC, anterior cingulate cortex; VACC, ventral anterior cingulate cortex; STG, superior temporal gyrus; Lent, lenticular nucleus; ILPFC, inferolateral prefrontal cortex; MPFC, mesial prefrontal cortex; IFG, inferior frontal gyrus.
of habit learning by the basal ganglia, and the independence of habit learning from declarative learning and memory functions based within medial temporal lobe structures. Studies of memory systems in rodents have shown that electrolytic or neurochemical lesions of the dorsal striatum impair performance on habit learning tasks but not on declarative memory tasks, whereas lesions of the hippocampal system impair performance of declarative memory tasks but not on habit learning tasks [60, 66] .
Tasks that engage Probabilistic Classification Learning (PCL) are commonly used to assess habit learning in human subjects [64, [67] [68] [69] . PCL is a form of habit learning that circumvents the use of declarative memory by probabilistically associating cues with specific outcomes. One version of a PCL task is a weather prediction game that requires the gradual learning of S-R associations. Patients with diseases affecting the striatum, such as Huntington's disease (HD) and Parkinson's disease (PD), exhibit impaired learning on this task, even though they are able to answer explicit factual questions about the task [63, 64] . Conversely, patients with temporal lobe lesions that affect declarative memory systems are impaired at answering explicit factual questions about the task [58, [63] [64] [65] , whereas their learning on the probabilistic features of the task is intact. Consistent with the implications from these behavioral findings that habit learning is based within the dorsal striatum, human functional imaging studies have demonstrated increased neuronal activity in the striatum and reduced activity in the hippocampus during habit learning in the weather prediction task [68, 70] . Disturbances in the maturation of self-regulatory control processes likely contribute to the development of a variety of disorders in which children and adolescents have difficulty controlling urges or impulses to perform certain behaviors. These behaviors, such as the motor and vocal tics of Tourette's Syndrome (TS), the various compulsions in OCD, the motoric fidgetiness in ADHD, and the abnormal eating behaviors in AN and BN, come to resemble habits. Evidence from studies from our laboratory suggests that children and adults with TS manifest impairments in habit learning, illustrating how an examination of performance on these tasks can point to disturbances in neural mechanisms underlying specific psychiatric disorders. Our behavioral studies of multiple memory systems in individuals with TS [71, 72] , a disorder with known pathology in the basal ganglia, were prompted by the phenomenological similarity of tics to habits. Together with both the documented striatal abnormalities in TS [45, 46, [73] [74] [75] [76] and the role of the striatum in habit learning, we hypothesized that tics could represent habit learning gone awry.
Our findings revealed that both children and adults with TS were impaired at habit learning on the weather prediction task and that the rate of learning correlated inversely with the severity of tic symptoms across both samples. Thus, impaired learning accompanied more severe symptoms, suggesting that the number and severity of tics are a function of the degree to which the system for habit learning is dysfunctional. Measures of declarative memory functioning, in contrast, were normal in the TS groups. We interpreted these findings as suggesting that the individual fragments of behavior that present as tics are not properly concatenated or "chunked" together into the meaningful, goal-directed behaviors that procedural or habit learning normally produces [77] . The tics of TS seem to be the product of core disturbances in the structure and function of the striatum that predispose an individual to impairments in habit learning and to the expression of fragmented motor and vocal behaviors. These predispositions to tic behaviors may then be released from regulatory influences of the prefrontal cortex [78, 79] . Thus, disturbances in frontostriatal systems in patients with TS may interfere with self-regulatory functions, thereby releasing habitual tic behaviors from inhibitory control. A similar phenomenon may also occur in AN and BN as individuals with these disorders exhibit recurrent habitual eating behaviors that are associated with either excessive control or a loss of control, respectively.
SELF-REGULATORY CONTROL AND HABITUAL BEHAVIORS IN AN AND BN
The neurobiological mechanisms underlying AN and BN remain poorly understood. Current research suggests individual, familial, cultural, and biological contributions to their etiologies [10, [80] [81] [82] . We plan to focus on specific psychobiological functions, namely, self-regulatory control and habit learning, to begin to determine whether disturbances in these functions contribute to the development and maintenance of AN and BN. Other psychobiological and environmental factors interact with and influence the functioning of these systems. For example, substantial evidence suggests the role of functional abnormalities in CNS serotonin in both AN and BN [81, [83] [84] [85] [86] [87] [88] . Since dysfunction of brain serotonergic systems underlies impulsivity in other conditions [89] [90] [91] and in animals [92] , abnormalities in serotonin functioning within the CNS of persons with eating disorders likely contribute to disturbances in self-regulatory control. Similarly, affective disturbances, which are common among individuals with eating disorders, influence the functioning of both self-regulatory control and habit-learning systems. Moreover, under-nutrition, which is a defining characteristic of AN, disrupts the functioning of numerous CNS systems [93, 94] , likely including the neural structures responsible for self-regulatory control and habit learning. Thus, we recognize that the systems on which we have chosen to focus do not function in isolation. However, these systems have been well-characterized both functionally and neuroanatomically, and they can be examined in both humans and animals. In addition, clinical characteristics and preliminary data indicate the presence of impairments in these systems in individuals with AN and BN, suggesting that study of their functioning in eating disorders will be fruitful. Therefore we will next review experimental data suggesting the presence of abnormalities in self-regulatory control and habit learning in AN and BN and present a model of ED pathophysiology in which dysregulated frontostriatal systems contribute to the development and persistence of these disorders (Fig. 3) .
Neurocognitive Findings in AN & BN that Suggest Frontostriatal Dysregulation

AN:
The dysregulation of frontostriatal systems may contribute to heightened self-regulatory control in individuals with AN, providing a framework for understanding the relationship between symptoms of this illness and the personality traits -perfectionism, cognitive inflexibility, obsessional personality -that are often seen premorbidly in individuals with AN [95, 96] . These traits may in fact be a relevant core behavioral feature underlying vulnerability to developing AN [7] . In addition, individuals with AN, especially those with the restrictive subtype, are on average more obsessional and harm-avoidant than are their peers [97] . Following development of the illness, the cognitive and behavioral patterns of individuals with AN are impressively persistent. Even after patients gain weight in structured hospital settings, and acknowledge the physical and psychosocial consequences of their persistent food avoidance, their distorted thinking and weight loss continues which may account for the very high rates of relapse and mortality that characterize AN. We hypothesize that two complementary disturbances in the functioning of frontostriatal systems, selfregulatory control processing and in habit learning, may underlie these core phenomena of AN. Specifically, we suggest that individuals with AN may have heightened selfregulatory control and an impaired ability to alter habitual behaviors. The habit learning system based within the neostriatum may be dysfunctional in AN, perhaps contributing to the maintenance of the habitual, restrictive eating behaviors that characterize the disorder.
Cognitive deficits have long been noted in AN [98] . Although some deficits associated with AN may be caused by starvation or by the effects of malnutrition [99] , others may be present from early childhood and constitute risk factors for developing the disorder [98] . In fact, evidence shows that some cognitive deficits do persist after restoration of normal weight [100, 101] . Previous studies have demonstrated impairments in frontally mediated tasks in patients with AN. Findings of deficits in set-shifting [102] and cognitive flexibility [103] [104] [105] [106] [107] are consistent with our model of heightened self-regulatory control in AN. These deficits are also consistent with the perseverative obsessions with food and body shape, and the persistent dieting behaviors of patients with AN that exact devastating tolls on their psychological and physical well-being. Individuals with AN also perform poorly on the Iowa Gambling Task [108] , suggesting that they have difficulty choosing between responses of differing reward contingencies. Imaging studies of healthy subjects have shown that performance on this task is associated with signal changes in the ventromedial prefrontal cortex (VMPFC) [109, 110] . In addition, poor performance on the Iowa Gambling Task has been demonstrated in patients with OCD, in whom abnormalities of the VMPFC have been reported [111] . Thus, the few available studies suggest that frontal abnormalities in individuals with AN may heighten self-regulatory control, thereby reducing cognitive flexibility and impairing the ability to change responses in accord with shifting environmental contingencies.
Alternatively, the presence of small frontal volumes in individuals with AN [112] may also represent an abnormality in the neural system underlying self-regulatory control. Individuals with AN may engage strategies that are mediated by different neural systems to compensate for this abnormality, consistent with SPECT findings showing hyperperfusion in the hippocampus complex in persons with AN [113] . This alternative suggestion is consistent with recent findings of enlarged hippocampus volumes in children and adolescents with ADHD that are likely a compensatory response to the presence of prefrontal disturbances [114] . However, if individuals with AN have premorbid disturbances in habit learning systems based within the striatum, they may be vulnerable to developing dieting behaviors which eventually crystallize into habits. Only a rigorous investigation of the neural systems that subserve self-regulatory control processes and memory systems will permit a thorough understanding of the abnormalities that may contribute to the development and persistence of AN.
The functional role of the striatum has not been investigated in individuals with AN. Evidence from PET studies, however, indicates that at rest, patients with AN have a higher metabolic rate in the caudate, thalamus, and brainstem compared to healthy controls, which tends to normalize with weight restoration [115] . In addition, patients with AN have metabolic hyperactivity in the caudate relative to global hypometabolism, as compared to normal controls [116] and patients with BN [117] . Findings of increased dopamine binding potential in the ventral caudate and medial putamen also points the involvement of the striatum in the pathophysiology of AN [118] . The few existing fMRI studies have exposed patients to food or body images within study designs that provoke more severe symptoms of eating disorder [119] [120] [121] [122] . All prior imaging studies of patients with AN are small and non-uniform in their methods, further indicating that more research is necessary to uncover the role of frontostriatal circuits in the pathophysiology of AN.
BN:
Cognitive deficits on neuropsychological measures have also been reported in BN [98] . Compared to healthy controls, participants with BN tend to complete neuropsychological tests with more errors, using relatively deficient problem-solving strategies [123] . Individuals with BN exhibit impaired attention and short-term memory, problems in forming abstract concepts, and deficits in visuospatial processing. Thus, the trade-off in speed-accuracy that individuals with BN tend to display on neuropsychological tests seems to indicate that they are cognitively impulsive. If individuals with BN are "impulsive" --in that they act rashly, without foresight or planning --then their impairments in selfregulatory or impulse control should manifest as impairments on measures of inhibitory control, such as the Stroop task. Most studies of the Stroop task in patients with eating disorders have used modified versions, showing that patients with BN take longer to name the colors of disorder-salient words (e.g., food or body-shape related stimuli) than do nondieting control groups [124] [125] [126] [127] [128] , presumably as a consequence of their over-concern with food, weight, and body issues. A recent meta-analysis of findings from studies using the classic Stroop task, however, indicates that patients with BN may in fact have a more generalized deficit in attentional deployment and response inhibition [129] . Individuals with BN may also be averse to delay, similar to persons with ADHD, perhaps as a consequence of dysfunction in motivational reward circuits. This alternative explanation for their general impulsiveness and impulsive binge eating is consistent with findings that the consumption of food is associated with increased release of dopamine in neural reward circuits and increased motivated behavior in both rats [130, 131] and humans [132] . Given that frontostriatal systems subserve both inhibitory and motivational forms of self-regulatory control, however, impairments on either response inhibition or choice delay tasks would indicate that these systems are disturbed in individuals with BN. Furthermore, identification of these disturbances would aid our understanding of the pathophysiology and pathogenesis of the disorder.
The few extant neuroimaging studies in BN have investigated brain function either at rest or with symptom provocation designs using body shapes, eating, or food presentation to elicit brain processes [83, 119, 122, 133] . Resting-state studies using PET indicate that dysregulation of serotonergic pathways in cortical and limbic structures may be associated with impaired self-regulatory or impulse control, as well as mood disturbances, in persons with BN [133] [134] [135] . Reduced orbitofrontal 5-HT 2A receptor binding in recovered BN subjects [133] likely contributes to these symptoms, consistent with the impulsivity and disinhibition of behaviors that typically follow orbitofrontal lesions in both humans and nonhuman primates [136] [137] [138] . In addition, the absence of agerelated changes in 5-HT 2A binding suggests that alterations in the development of the serotonin pathway may contribute to the development of BN [133] . Lastly, a recent study comparing patients with BN to those with AN and healthy control subjects showed decreased activation of lateral prefrontal cortex in response to food [122] . The lateral prefrontal cortex is also involved in suppressing undesirable behaviors [139, 140] . Thus, diminished activity in this region may also account for the loss of control in eating as well as other impulsive behaviors in patients with BN.
Although neuroimaging data in BN are sparse, the available findings suggest that control systems may be dysregulated in patients with BN, related to disturbances of serotonin metabolism in frontal brain regions. Although disturbances in serotonin activity [141] [142] [143] and in the regulation cholecystokin (CCK) in BN [144] , likely contribute to symptoms of the disorder, we speculate that the failure of frontostriatal control systems in BN may either release these symptoms from self-regulatory control or enhance their severity. These biological alterations may be released in the expression of impulsive symptoms and binge-eating behaviors, thereby influencing an individual's capacity to cope with the environment and contributing to the psychological symptoms of BN, including an over-concern with body shape and weight that motivates the compensatory, purging behaviors to avoid weight gain.
The nature of the core disturbances in individuals with BN implies the presence of difficulties with self-regulatory control, a notion supported by their tendency to engage in other impulsive behaviors, such as substance abuse [14, 87, 145, 146] .
Preliminary data from our laboratory suggests that disturbances in frontostriatal systems may underlie impairments in self-regulatory control in women with BN. To investigate functional disturbances in these systems, we had women with and without BN perform the Simon Spatial Incompatibility task, a non-verbal analog to the Stroop task. The women with BN responded less accurately than did the healthy control women on the incongruent trials of the task, suggesting that women with BN have difficulty engaging self-regulatory control in the service of Simon task performance (unpublished data). Their impulsive responding on the task is consistent with both their behavioral impulsivity and impulsive binge-eating behaviors. Other preliminary data from our laboratory suggests that in contrast to patients with AN, women with BN displayed normal habit learning on the weather prediction task. Together, these preliminary findings suggest that BN is characterized by reduced levels of selfregulatory control combined with normal habit learning, consistent with the clinical characteristics of the disorder and its greater treatment responsivity compared to AN.
Our model of ED pathophysiology illustrates our hypotheses regarding the role of frontostriatal systems in these disorders. We suspect that dysregulated control systems may contribute to the development of AN, both restricting and binge/purge subtypes, and BN. In this model, biological alterations of neurotransmitter and neuropeptide systems contribute to feelings of hunger and urges to eat, while cultural factors contribute to normal dieting behaviors. Dysregulated control systems may produce heightened self-regulatory control, permitting some individuals to sustain excessive dietary restriction and contributing to the development of AN. In other individuals, dysregulated control systems may result in impaired self-regulatory control; thus, feelings of hunger and urges to binge may be released, thereby resulting in overeating. Interactions with cultural ideals of thinness and impaired habit learning systems may then allow the dieting behaviors of individuals with restricting-type AN to spiral into the habitual and restrictive eating behaviors that typify the disor-der. Although these cultural factors likely contribute to the compensatory purging behaviors in individuals with BN, interactions with normal habit learning systems may explain the higher recovery rate of BN relative to AN, in which habit learning may be impaired.
CONCLUSIONS
Although eating disorders typically develop during adolescence [8, 10] , little research has focused on persons with AN or BN in this age range. Many of the impulsive behaviors associated with BN tend to occur in childhood before the onset of the disorder [9, 81] . In addition, the perfectionist and obsessional personality styles associated with AN are often detected before its onset [7, 147] . Thus, impairments in the development of self-regulatory control processes may serve as susceptibility factors for developing either one or both of these disorders. Early detection of these disturbances in adolescents may be of crucial importance for the prevention of AN and BN and will likely enhance our understanding of the mechanisms contributing to their perpetuation. In addition, disturbances in habit learning may contribute to the persistence of binge eating and purging behaviors in BN and to the persistence of restrictive dieting behaviors in AN. Probing the functioning of this system in adolescents with eating disorders will permit detection of abnormalities that may also contribute to the development and perpetuation of these habits.
Some limitations of our pathophysiological model of AN and BN must be noted. For instance, it does not clearly account for the patient who begins with AN but develops BN later in life, a common clinical phenomenon. Self-regulatory control and habit learning impairments may occur along a spectrum of severity. For example, habit learning impairments may be present in individuals with BN to a lesser degree than in those with AN binge/purge subtype, with impairments in AN restricting subtype being the most severe. Alternatively, malnutrition in individuals with AN may impact habit learning such that with weight restoration, patients may become less impaired at habit learning and more vulnerable to self-regulatory disturbances. Systematic testing of this model will permit its elaboration, thereby allowing clarification of these functional impairments in AN and BN. To date, the functioning of frontostriatal systems has not been assessed in adolescents with eating disorders. Characterizing the abnormalities early in the course of the illness is necessary to disentangle causes of habitual feeding behaviors from disturbances that may arise from the presence of the chronic illness. We hope that this innovative line of research will Fig. (3) . Pathophysiological model of AN and BN. Dysregulation of frontostriatal systems produces either impaired or heightened selfregulatory control which may contribute to the development of (1) BN, (2) AN binge/purge subtype or (3) AN restricting subtype. Impairments in self-regulatory control interact with cultural factors and normal habit learning to produce BN. Interactions of impaired selfregulatory control with impaired habit learning contribute to the development of AN binge/purge subtype. Heightened self-regulatory control interacts with impaired habit learning to contribute to the etiology of AN restricting subtype.
help to understand why only a minority of the many young people who diet and overeat at some point in time actually go on to develop an eating disorder.
